In this paper an accurate Higher Order Compact (HOC) (here, fourth order) finite difference method (FDM) is used to determine polarized E-field solution in the guiding region of a rib wave guide structure for uniform grids starting with Helmholtz wave equation. This general, absolutely new approach in the area of guided-wave optics is tested in terms of surface and contour plots of the electric field profiles and compared to the existing methods.
Introduction
Optical waveguide is one of the basic components in integrated optics being an efficient guiding tool towards wave propagation whose modal analysis is one of the most important areas in modeling and simulation work [2, 5, 6] . Many theoretical and experimental endeavors are put together to make this component more efficient. Out of them, the two most rigorous numerical methods are Finite Difference Method (FDM) [1] and Finite Element Method (FEM) [1] . If the governing equations and their boundary conditions are provided, it is easier to implement FDM rather than FEM. So, here compact fourth order semi-vectorial FDM has been used to determine the fundamental Transverse Electric (TE)-polarized solutions of the Helmholtz wave equation in the guiding region of a rib wave guide structure (shown in figure. 1) with arbitrary refractive index profile. Accordingly, a nine-point scheme is developed which is solved by the method of Successive over Relaxation (SOR) [1] for a given propagation constant to locate any required propagation eigen value. The corresponding electric field profile is expressed in the form of surface and contour plots for the mode under investigation. A code is generated for that purpose. Theoretical formulation and Numerical scheme are discussed in Sections 2 and 3 respectively. The presented scheme is applied on two different semiconductor rib waveguide structures and the results of analysis is given in Section 4 for various grid sizes and ratios which shows close conceptual agreement with other published results [2, 6] .
Theoretical formulation and Numerical scheme
To determine the fundamental TE polarized solution of Helmholtz wave equations and hence to investigate the light confinement property in terms of contour and surface plot of corresponding field profiles, the rib structured optical wave guide with arbitrary refractive index profile is studied. It has a guiding region with refractive index 1 n and the substrate layer with the refractive index 2 n . The refractive index for cladding is indicated as 3 n .The rib height, the width and the depth are indicated by 1 H , 1 W and 1 D respectively (see figure 1 ). Here it must be noted that the exact refractive index profile and geometrical structure depend on the number of interrelated parameters and is determined by the requirement of the device performance though the versatility in the design of the devices allowed by rib structure is greatest and it has many advantages over the choice of output device characteristics and easy to fabricate. Now for harmonic wave propagation in the z direction along a rib waveguide, the electric 
Here D  , the electric flux density and B  , the magnetic flux density is related to the electric field intensity and magnetic field intensity respectively, through dielectric constant ( , )
x y  which is constant piecewise and the magnetic permeability  which is completely constant throughout the solution domain.
Then using the Maxwell's equations in the source free regions, i.e. index n for the medium. Here¸  is the free-space wavelength. Now for our case
where  is the angular frequency and ( , ) n x y determines refractive index profile indicating its value in respective layer of the medium. So ( , ) k x y is also piecewise constant. Taking the divergence of both sides of the equation (5), we obtain the wave equation 2 2 2 ( . log ) 0
k x y is piecewise constant and so it is discontinuous at internal dielectric interfaces where
is undefined. Also using
in Eq. (1) we obtain the Helmholtz wave equation in scalar form from Eq. (6) as
for TE mode with ( )
x E E  continuous across horizontal interface but discontinuous across vertical interfaces. Here x and y represent the coordinates of the transverse section of the waveguide, 2  is the Laplacian operator acting on x and y as the components of the electric and magnetic field in (1) and (2) are functions of x and y only,  is the propagation constant in the propagation direction of the wave vector and 2  is TE propagation eigen value. So E in the above form is basically the normalized eigen vector representing the field profile ( , ) x E x y . In order to solve the Eq. (7) numerically by higher order compact (HOC) finite difference method, we use three point fourth order approximation for Each internal grid point is located at the center of these cells whose refractive index value is allowed to change only at the boundaries of the cell (figure 2). 
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E is the value of E at the point ( , )
i j x y . Here it may be mentioned that the relationship between the refractive indices at adjacent cell boundaries are calculated following the appendix of [2] . Now using the nine point fourth order compact finite difference scheme in Eq. (7), a simultaneous system of linear algebraic equation with nine-diagonal coefficient matrix is obtained as: 
2 , 
A matlab code has been developed to solve this nine-diagonal coefficient matrix by the method of Successive Over Relaxation (SOR) to obtain the electric field profile for given  , the propagation constant where we have chosen zero field values at the outer boundary of the solution domain [2] .
Results and Discussion
The discussed method and the developed scheme, is applied to investigate propagation modes of two dielectric rib waveguide structures S1 and S2 [6] in their guiding region in terms of surface and contour plots of their fundamental TE field profile. The optical and geometrical parameters of these structures are shown in the table given below.
Table:
The semiconductor rib waveguide structures of Robertson et al [6] . The wavelength considered is The values  , the propagation constant for these structures are calculated following [2] and they appear in the , are confirmed by our contour plots of figures (3, 4, 5) Study of optical wave guide using HOC scheme
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shown above for various grid ratios for S1 structure. It is clear that smaller grid ratio represents proper contour confinement whereas larger ratios gives deformed contours. Also it is clear from the Table, that for S1, the rib height is large and its width is narrow. So it is a strongly guiding structure for light confinement in the lateral as well as in the vertical direction. Accordingly , the contour plot using HOC scheme for our arbitrary refractive index profile shows closer confinement covering wider field range where as the contour lines for S2 shows deviation from that giving more extension sideways or laterally covering narrower range (see figures 3 and 6 above) which is expected as it is a weaker guiding structure [2] . The corresponding surface plots are shown in figures (7, 8) .
Conclusion
Here we have derived a higher (4th) order compact (HOC) finite difference scheme with the quality of 'real compactness', i.e. our compact scheme is strictly within the nine-point stencil. It is used to determine polarized E-field solution of the Helmholtz wave equation for rib wave-guide structure for zero-field outer boundary. Our results for strongly guiding S1 structure shows closer contour confinement for electric field profile covering wider field range where as weaker guiding S2 structure shows lateral extension of the corresponding contour which covers narrower field range which is also shown by other published work using conventional five-point 2nd order finite difference method, though for different boundary condition [2] . So it can be a better alternative showing higher-order convergence which is obtained very fast. Here it must be mentioned that in the area of FD methods, it has been found out that although central difference approximations are locally second-order-accurate, they often suffer from computational instability and the resulting solutions exhibit non-physical oscillations. The higher-order FD methods of conventional type do not allow direct iterative techniques. An exception has been found in the higher order FD schemes of compact type, which are computationally efficient and stable and yield highly accurate numerical solutions. Our HOC scheme is also found to be working effectively for various grid ratios and grid sizes and this semi-vectorial, totally new approach yields good results. Also, this investigation for optical properties of rib wave guides may be used in understanding the guiding properties of other dielectric wave guides.
